Double-strand break repair is required for neural development, and brain cells contain somatic genomic variations. Now, Wei et al. demonstrate that neural stem and progenitor cells undergo very frequent DNA breaks in a very restricted set of genes involved in neural cell adhesion and synapse function.
It has been long known that genomes can be unstable. DNA repair mechanisms were discovered in the late 1950s, and the first report that chromosomal translocations were found in neoplasms happened only a few decades ago. A few other corroborating examples were enough to establish a precedent that started to open a new field. As we learn more about DNA damage and its repair, what has come as a surprise is the extent to which cells can cope with that instability and survive despite genomic alterations. More remarkably, we know now that some of the mechanisms responsible for creating these intrachromosomal events play roles in generating informational diversity in the antigen receptor genes (Tonegawa, 1988) , in triggering cell death and removal pathways (Chao et al., 2012) , and in oncogenesis by generating translocations that create proto-oncogenes or inactivate tumor suppressor genes (Hanahan and Weinberg, 2011) .
But could these events occur in cells that create other informational diversities, such as neurons in the central nervous system (CNS)? The first clue that they could came from the Alt laboratory, which showed in 1998 that in vivo knockout of the double-strand break (DSB) repair components XRCC4 or ligase 4 not only led to a failure of immunoglobulin gene rearrangements in B lymphocytes and TCR rearrangements in T lineage cells, but also caused cells of the early progeny of putative neural stem cells during neurogenesis to die (Gao et al., 1998) . Lymphocyte antigen receptors are made up of heterodimeric proteins, with unique receptor combinations being expressed as only one pair of rearranged and somatically mutated examples per cell. The phenomena of immunologic learning, memory, or amnesia occur as a result of triggering T or B lymphocytes with self-antigens. If this occurs in mature animals, the triggered cells clonally expand to give rise to effector cells and long-term memory cells, the latter being self-renewing much like tissue stem cells. If this occurs in the body of a prenatal animal or in the tissues in which lymphocytes with rearranged antigen receptors genes encounter cognate antigen, clonal deletion occurs. Some clonally expanded lymphocytes (e.g., regulatory T cells) are the inhibitory cells of the immune system, similar to GABAergic neurons in the CNS. The language used to describe brain learning, memory, amnesia, etc. is similar to that of the immune system lymphocytes. Mechanisms that alter the original genomic sequences in these cells provoke speculation that these disciplines share some common underlying mechanisms. But evidence and mechanisms have been lacking.
In the Wei et al. paper in this issue of Cell (Wei et al., 2016) , the Alt laboratory ask whether the absence of DNA DSB repair proteins in neural stem and progenitor cells (NSPCs) would allow them to pinpoint endogenous sequences prone to recurrent DSBs. To test this, they employ their technology of highthroughput, genome-wide, translocation sequencing (HTGTS), which they developed as a sensitive DSB detection method. By combining knockouts of the XRCC4 DSB end-joining factor with a tp53KO to avoid cell death, they allow DNA breaks to persist, facilitating their localization and enumeration by the HTGTS method of placing bait DSB sequences that could be joined to another DSB if they exist in the same cell concurrently. Resulting translocations can then rapidly be localized by highthroughput DNA sequencing. This ultrahigh-throughput analysis allows them to determine the frequency and exact sequences in translocation partners and to test whether participating breaks were random or occurred in genes that might-like the Ig and TCR sequenceshave high informational content. They focus on the first 4 days of cell division of mouse CNS stem cells placed in cell culture-the equivalent to 30%-40% of the full period of fetal neurogenesis had it occurred in the mouse fetus. CNS stem cells persist throughout life, and if DNA alterations occur in adult CNS stem cells, they would happen in the subventricular zones (SVZ) of the lateral ventricles and the dentate gyrus in the hippocampus (Zhao et al., 2008) . Wei et al. find massive numbers of translocated DSBs in these NSPCs, many of which are even detectable in wild-type NSPCs. In XRCC4/tp53 mutant cells, the defects approach one break/translocation per cell per day, and with added replication stress by low levels of aphidicolin, even greater numbers are seen ( Figure 1 ).
These NSPC breaks are not random and are readily found in two central genes in neurogenesis, Lsamp and Npas3. These and a host of other genes that have recurrent DSBs in NSPCs upon mild replication stress are expressed in developing neurons, and nearly all of them encode cell-cell attachment and adhesion proteins, which could likely add mistaken migration patterns to the results of any loss-of-function mutations caused by DSBs and rearrangements.
Long ago, the lymphocyte recombinase activating gene (RAG) 1 was found to be expressed in CNS neurons (Chun et al., 1991) , but no clear role could be attributed to RAG 1 in CNS development or brain functions. However, now there is an emerging appreciation for genomic diversity, first described by the Gage lab, which reported that each neuron appears to undergo DNA modification, often utilizing endogenous repeat sequences such as LINE elements (Erwin et al., 2014) . In addition, the Gage lab revealed, in post-mortem human cortex, that 41% of individual neurons have large Megabase indels (McConnell et al., 2013) . This somatic diversity is becoming appreciated as somatic brain mosaicism. Now, Wei et al. find, unequivocally, that rearrangements can often occur in normal CNS stem and progenitor cells, albeit with an assay that captures DSB translocations to ''baits'' and thus actually underestimates DSB frequency in these genes. The general finding is that these DSBs occur mainly in transcribed genes that are late replicating. As reported for lymphocyte translocations and deletions, there are more joining events to nearby DSBs within the same chromosome than to distant loci.
While much speculation and many experiments will follow this paper, it is now quite clear that, among the special cells that harbor high rates of localized DSBs, along with the immune B and T cells, one must now include the cells of the developing nervous system. One then wonders whether such DSBs, allowing neuronal diversification, are part of a necessary mechanism for individual identity. Many of the identified genes are expressed in NSPCs located in the brain regions responsible for higher functions such as short-term learning, and mutations in these genes in humans are associated with (and maybe predispose to) psychiatric and neurological disorders manifested in mind functions-autism, manic depressive and depressive disorders, schizophrenia, and others. These experiments of nature, with the very clear mapping of the genes susceptible to DSBs, will likely be the beginning of a remarkably important set of future studies. Cancer-specific translocations in non-brain cells have taught us that one or both partners in the fused genes could become proto-oncogenes upon fusion. The linkage of impaired DSB joining to programmed cell death is not infrequent in brain regions that proliferate and differentiate to circuitry neurons, and they could be important for adaptive changes in the circuitry that make the interacting cells eligible to survive. This also leads to the proposal that some DSB-associated indels or translocations will give the daughter cells competitive advantages over normal stem cells (Weissman, 2015) , eventually leading to tumor formation. The emerging genomic and epigenomic analyses of glioblastomas also suggest that these tumors derive from precancerous progression in CNS stem cells associated with one or more of the many genes revealed by Wei et al. to be preferentially broken. On the other hand, those DSB-associated events that trigger either programmed cell death or programmed cell removal (Chao et al., 2012) could be the basis of somatically acquired neurodegenerative diseases.
For these reasons, we view Wei et al. as a landmark paper and expect that the elucidation of particular genes now shown to be recurrently broken in NSPCs will eventually open the door to understanding their functions in how cells of the brain make a unique individual. Mouse embryonic stem cells (mESCs) are capable of unlimited proliferation without losing pluripotency. Scognamiglio et al. now reveal that Myc depletion shifts mESCs into a dormant state reminiscent of embryonic diapause in which pluripotency remains fully preserved, thus decoupling pluripotency from proliferative programs.
Cells in our body must coordinate various metabolic and functional pathways to ensure orderly and timely execution of tasks assigned to them. Most cells, once isolated from our body and kept in tissue culture condition, become disoriented and fail to represent their in vivo function faithfully. Embryonic stem cells are an exception-they can be maintained in vitro indefinitely while maintaining their pluripotency, the capacity to generate any cells in an organism. The functional equivalence between pluripotent cells in vitro and in vivo has been a remarkable achievement in stem cell biology and one of the cornerstones for us to understand cell fate decisions, molecular networks, and pathways. A long enduring question in the stem cell field concerns how pluripotency is maintained. Is it intrinsically linked to other cellular functions such as cellcycle progression and metabolism? The study by Scognamiglio et al. (2016) in this issue of Cell now disentangles the cellular programs for pluripotency from proliferation.
In ESCs, possible crosstalk between pluripotency/differentiation and cell-cycle control has been extensively investigated. For example, one unique feature is their short G1 phase and rapid cellcycle progression, which may serve to restrict differentiation of and maintain pluripotency (Coronado et al., 2013) . Indeed, functional studies suggest that inhibition of the G1 cyclin induces the loss of pluripotency and increases endodermal differentiation of human ESCs (hESCs), indicating a role of cyclin Ds in the maintenance of pluripotency (Pauklin and Vallier, 2013) . In addition, regulators of the S and G2 phases attenuate the dissolution of the pluripotent state induced by the withdrawal of selfrenewal signaling, thus favoring the maintenance of pluripotency in hESCs (Gonzales et al., 2015) . These observations indicate that the cell-cycle machinery in ESCs is actively adapted or coupled to the maintenance of pluripotency. On the other hand, we previously found that the ability of Nanog to promote cell proliferation is dispensable from its function in pluripotency in mESCs (Ma et al., 2009) . Therefore, it has remained an open question whether the pluripotent state of ESCs is intrinsically linked to other cellular biosynthetic pathways such as proliferation and cellcycle machinery or if it can be mechanistically decoupled from them completely. The study by Scognamiglio et al. (2016) , while analyzing the role of Myc in ground state ESCs and diapaused embryos, elegantly demonstrates that pluripotency can be uncoupled from other biosynthetic pathways.
The Myc family transcription factors (c-Myc, N-Myc, and L-Myc in mammals) were first identified as oncogenes in a variety of human cancers and are known to be indispensable for early embryogenesis, as well as tissue homeostasis (Laurenti et al., 2009 ). Additionally, c-Myc is one of the Yamanaka factors used in the somatic reprogramming, although it was soon discovered that, while it can enhance reprogramming, c-Myc is not absolutely essential. Indeed, it contributes to reprogramming by reducing the level of reactive oxygen species induced by the other reprogramming factors and can be replaced with anti-oxidants added to culture media (Esteban et al., 2010) . The function of Myc in maintaining pluripotency in mESCs has been
